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ABSTRACZT

A prefabricated portable frame structure to be used as a
partable air cargo terminal is described aod evalusted, The strec~
ture can be transpcrted by air to remote locations and erected with~
out the use of heavy constructicn equipment, This report deals only
with erection instructions and preliminary evaluation of the struc-
ture and covering, ’




Il SUMMARY

i

PROBLEM

The objective of this project is to develop & temporary air
cargo terminal which may be transported by air to a remote loca-
tion and erected by unskilled lator without the use of heavy con-
struction equipment,

FINDINGS

A prefabricated structure, 62° wide and 16* kigh at the
ridge and which can Le built in B8' modules %o any desired iength,
has been tested and evaluzted together with a canvas cover and end
sectionse The end sections are coustructed of kraft honeycomdb and
are faced with plywood.

The frame structure as designed is acceptable with indicated
minoy modi{ications pending an ¢pzrational evaluation at a Naval Air
Cargo Depot designated by the Bureau of Supplies snd Accounts,

The canves covar has been rmodified in order to make it ac-
ceptable, The end sections, 23 designed, are towd heavy and cumber-
some for efficient handling for air cargo.

RECOMMENDATIONS
! ' 12 {s recommended thats
1. New end sections be designed,

2, An operational evaluation be made at some Naval
Alr Cargo Depots

3. Alternative methods of covering be evaluated,

4, Alternate msans of imsulating the structure be
tested, .

;e s

- . Y ot e - s

R SO PR LRI -




TABLE OF CONTENTS

i e
ABSTRACT idd
! SUMMARY v '
g LIST OF ILLUSTRATIONS xili
j ‘ INTRODUCTION |
: DESCRIPTION OF PROCEDURES FOLLOWED 2
; LABOR TIME 3
‘ | DESCRIPTION OF FRAME STRUCTURE 4
\ DESCRIPTION OF PARTS 3
|j PARTS NUMBERING SYSTEM 10
' DESCRIPTION OF STRUCTURE COVERING il
| DESCRIPTION OF END SECTIONS 13
. GUIDE TO ERECTION OF STRUCTURE 15
j I | _ ERECTION PROCEDURE ‘ 24
o
i i COVERING THE STRUCTURE 26
i ADAPTATION SUGGESTIONS 27
| \ INSULATION 30
ll SUGGESTED CHANGES IN FRAME DESIGN 3
I SUGGESTED CHANGES IN COVER DESIGN 32
r COST BREAKDOWN - TEMPORARY AIR CARGO 3
' TERMINAL
] vid

i il 3 AT 1 i oy ’ .




——-

TPy s R TR A58 SRS

Page
CONCLUSIONS 37
RECOMMENDATIONS ‘31
APPENDIX A - DRAWINGS OF FRAME STRUCTURYE AL

APPENDIX B -

Shelter, Frame Type, Gambella

62* Spun, 8% Modular Section

Wood Componenta

Gamble Bros, Drawing Mo, G-306
NSRDF Drawing No. SED 471, Sheet 1

Shzlter, Frame Type, Gambeila

82* Span, 8 Modular Section

Arch Details

Gamb'~ Bros. Drawing No. G-307
NSRDF Drawing No, SED 471, Sheet 2

Skhelter, Frame Type, Gambelia

62' Span, 8' Modular Section

Arch Profile

Gamble Bros. Drawing Ne. G-311
NSRDF Drawi:g No, SED 471, Sbeet 3

3helter, Frame Type, Gambella

62 Span, 8 Mcdulay Section

Section Details

Gamhle Bros. Drawing No. G-313
NSRLF Drawing No. SED 471, Sheet 4

Shelter, Frame Type, Gambella

62' 3pan, 8' M>dular Sectioa

Metal Components

Gamble Bros. D:wwing No, G-314
NSRDF Drawing No, SED 471, Sheet 5

DRAWINGS OF STRUCTURE COYERING Bl
Hargar, Frame Type, Aircraft Main-

tenance M-52

The Cal-Tex Co, Drawings Nos, 1 of 3

2o{3, and 30of 3

NSRDF D:iawing No. SED-SK-55"

RPN S




P | aase RV R LS IO e 2
EA . >

sbtodibo. awivedinbon witeandd
“ Page
) APPENDIX C - DRAWING OF MODIFIED TOP BLANKET C1
i Canvas Covering Temporary Alr Cargo
Terminal
! NSKRDF Drawiag No, SED-531
TABLEI TOO0I.S REQUIRED z3

[N

FT

X ‘

\ | .
e a5 21 e At et S i 2 2 1 ‘ i

et W i 2 it s - : ‘ g
o 1

’ o ™ %

%
R




Figure

10
11
12
13
14
13
16
17

AL SRR Ve R T VL R e

LIST OF ILLUSTRATIONS

Assembled fraine stracture without covering

Completcly covered structure; end section
fully opened

Base plate assembly of end arch

Half bay resting on skid ;ﬁatel - base plate
assembiy

Assembly beiweza twa bays

Arch segments

Fish platex

Puslia, gambells and ridge beam assembly
Cecmpletzly covered six hay structure
Interior view of partially covered -tmh;xc
End view of structure, accordice doors closed
Assembling archas on ground

Crew installing gambellas

Expanding gambella to decrease width
Comprassing gambella to increans width
Crew installing p-:un .

Half bay being raised by ome jack

Extension Jacks in position for raising two kalf

bays at ence

wiid

A AR Ans B b U RIS BN Bt Bl 5 2 e

10

12

14
14
13
16
18
18
19
19

S ———— 3 Pt - B P

-




-y

—-——

19

20

22

23

24

25

27

28

Partially collapsed and damaged arch

Fork truck and safcty pallet being used to
assist erection

Kaisieg otructare by msssns of 8 crame
Gin poles being used for erection
Structure raised cn cement piles

Fork truck in side entry

Side entry

Accordion type doors partially opea
Accordion type doors folded to omz side

Army Aircraft Structure (End Section)

ot e o e ma




TEMPORARY AR CARGO TERMINAL

INTRODUC TION

The coacept of tactical miilitary support is constaatly bewioy
re-evaluated due to techuclogical advances, Increasing demands
for air cargo transportation have creatcd new problems in logistics
and air cargo terminal facilities.

The natwre of air cargo packaging is such tbat it affords
limited protection similar to that afforded packages shipped domes-
tically and, as such, it is assumed that they will not be exposed te
the rigors of exposure and rough handling. It follows, therefore,
that whea a package arrives at an advance hase or jungle airstrip,
it must be protected Irom the elemenis until it is conzwned or trass-
shipped.

The portable shelters in use today are adequate for limited
storage of small containers. These shelters, howsver, are too
small for efficient staging of “em route" shipments. in addition,
the designs do mot lend themselves to the use of mobile eguipment
such as fork trucks, tractovs, eic. A large shelter tiat is eaeily
constructec suc hae a large cubic capacity is needed for & staging
area in which cargo iz received and pregared {ov transshiyment.
This shelter must, of secessily, »e cqQuipped to store a large per-
centage of the containezs likely to be shipped by air. It must he
adequate for placement of pallet racks and various types of con-
veyors, with sufficient aisle space and overhead for maneuvering
materials handling equipment.

Such a shelter may, of necessity, be required to be trans-
ported by air to rernote locations. In many cases skilled labor and
heavy construction equipment, such as crancs, may not be avail-
able for erection. The structure, prior to assembly, rnust fit withia
a cargo air frame and should be light enough to be economically
transported.

An arctic maintenance hangar for Army liaison aircraft was
designed by the Army Quartermaster Corps and engineered by the
Forest Products Laboratory, Madison, Wisconsin, and Gamble
Bros., Inc., Louisville, Xentucky, under a research contract with
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Mectianicsl Prodect’s Bronch, Research and Development Division,

Office of the Quariermaster Genearal, and Textile Products Division,
Quartermaster Research zsnd Development Laboratories, Jefferson-
ville, Indiama.

A modification of thw abeve hangar was procured by the U, 8,
Naval Supply Research and Developrrent Facility, Bayoans, fer avak~
uation ar a temporary Air Cargo Terminal.

Engineers from the Naval Supply Research and Development
Facility visited Gamble Bros,, Inc. to inspect a similar structure
in use av a warehuuse, The frame structure contracted for by the
Naval Supply Rewearch and Development Facility was then erected
on Gamble Bror.. property usisg unskilled lab~r {rom the Naval Ord-
nance Plant, Louisville, Kentucky, and a zruall mobile crane in
ordcr to familiarize Naval Supply Research and Developmern: Facility
engineers with construction and erection problems and procedure,
The structure was then dismantied and shipped to Deyonne wherse it
was again erected, No cranes were used at Bayonne t9 assist erec-
tion, Time studies were taken concurrently with construction and
dismantliny at both sites,

At Bayonne, the canvas cover and the end sections were fit.
ted and evaluated, The need for changes in design was apparent
during tie hurricanes in the {all season, The cover and end sections
Lave bDeen altered to make them serviceadble,

Au operaticaal avaluation will be made at a Naval air cargo
transshipment point in the near future. After operational tests, a
final design will be made incorporating any features that wers found
necessary and desiradble.

DESCRIFPTION OF PROCELLCURES FOLLOWLD

The structure was asseinbled and Jisassembled twice in
order ty ascertain the most elficient method of erection and to dis-
close sny inadequacies ia decign,

Some of the meore important deficiencies were corrected
at the Naval Supply Research and Development Facility in order
te render the structure usable, Additional drawings ef the rede-
signed cover which comform to the required deeign are included,

S e e . e ———
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The end sections have been zltered in ovder to make themn
opereble. These alterations still leave much to be desired; how-
ever, no radical changes have been maide as it would involve addi-
tional dclay and expense, Recommended changes have been incore
porated in the text of the report, .

LABOR TIME

Actual erection time of the structure at Louisville, Xentucky,
using Naval Supply Research and Development and Naval Grdnamnce
Depot personnel, under ideal weather conditions, was one hundred
eighty-six (186) man hoars, '

A mobile crane was used io assist in yaising the bays, The
only equipment other than hand tools consisted of stepladders of
varying beights, Peraonnel erecting the structure at Louisviile bad
no prior knowledge of the structure. Blueprints were svailable bt
there were no crection instructions. Some advice of 2 disinterested
nature was received froon Gamble Bros. persooanel doriug intarmis-
tent visits to the building site, The canvas covering was not avail-
able at the time of this erection. The structure was dismantlizsd and
sent to Bayonne for further time study and evaluation,

Actual dismantiing time for the structure ai Loalsville wea
forty-nime (49) man hours, A mobiie craze wis utilised io this oper-
ation and the crane cperator's tirns i lacivded la the dime totaly.

Erection of the structure at Bayonne, utilizing special jacks
wnd ladders, was two hundred thirty-two (232) man bours. No
crane or other mobile equipment was used, Wasather conditions
were poore The struciure was erected on a field covered with snow
and ice, Sand and rock salt were used to keep the area safe {for per-
sonnels The cold weather lowered the normal efficiency of the rig-

gerse

At Bayonne, the labor crew erecting the structure received
over-all supervision from the project engineers, After the first
bay was erected the labor crew continued alone except for inter-
mitient inspections,

A fair evaluation of the time involved to cover the structure
bhas aot been made, Scven hundred (700) man hours were required

PR

R TR » 2PN R e




to install the end sections and the inner and ocuter blankets. Many ' ?
changes weye peceseary to nake the cevering acceptable and var-

‘ ious n.ctbods of {itting the covering were tested in oréur %o find

‘ the easiest and {astest mzthod, The ead sections required cousid- !
erable modification bzfore {itting the structure.

R is estimated that fitting the ezierior blanket would re-~ '
Quire the labor of four {(4) waa for one day. Ax estimate of fitting
the interior blanket depends upon the equipment available at the
building site., 3Most of the work will have to be periormed on a l
fork truck equipped with a safety pallet, staging, or ladders.
Trese aids have to be moved about constantly, requiring addi- i
ticral laber and time, When the terminal is erected at an uper-
ating airfield a more realistic time stud, will be available,

DESCRIFTION OF FRAME STRUCTURY

The entire framie structure is made up of sections which
mLy ¢asily be handled by one or two men. The basic structure is
cupported by steel plates which are laid ca the bare ground., Arches,
in sections, are formed of laminated hardwoods and are bolted to-
gether, Accordion type lattice work is slipped into fittings on these
arches forming an 8' bay supporting the rocf covering. The struc-
ture is designzd on ao 8* module, each arch being 62* wide 2ad 16* 1¥ . ;
from: the top of the buse plate to the peak. The structure may be
any desired length, The sheiter undergoing :¢sts 2t Bayonne cone
sists of six 8' sections or bays, giving a.s cver-all length of 48', !
(Sce ¥igss } und 2), : .

Cne completely assembled 8' bay embodies approximately ’
5, 800 cubic feet and weighs approximately 1,950 pounds, The total
shipping weight of a six bay frame is approximately 13,750 pounds,
The structure waus designed for a total load of 12 pounds per square l
foot of roof area and was iested at 25 pounds per square foot, with
no permanent distostion, The weight of the covcring (interior and
exterior blanketz) and end sectiuns totais b, 842 pounds, consisting l
of the followings

1 top blanket 145 1bs, total (6) 870 1hs, . I
1 interior blanket 68 lbs, total (6} . 528 1be,
1 end section 2,722 1bs. total {2) 5, 444 be, I

6,842 b, |

The total weight of structure, covering and end secticas is apprexn-
imately 20, 592 pounds.
4
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Fig. 1o - Assembled frame structure without covering. NSRDY
Neg. No, 275-15. )
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Fige 2o - Completely covered structure. Ead section fully opened,
NSRDF Neg. No. 216-1,
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DESCRIPTION OF PARTS!)

Base Plates and Tensioning of Ground Cables (Figs. J and &)

Base plates suppart the arches and are fcrmed of 1/4% steel

 plates Tws plates welded to hinges attached to the base plate are

{itted with balt holes and sapport the archase

The extreme end arcbes of the structure are placed dvtween
the hinged plaies {Fige 2)o The inner arches are placed on the out-
side of the hinges and a rectangular wood spacer is placed oetween
the hinges (Fig. 4) Two holes are provided on the base plate to per-
mit stakes to be driven through the plate or permit Lolts to anchor
the structure,

A oteel ring is alsc provided on the base plate for attachment
of a tensioninag cabie which connects to the base plate on the opposite
side of the structure, The cable prevents the base plates from mov-
ing outward aad possibly collapsing the structure, A turnbuckle is
provided om the catle for tensioning or slacking and it is also used
to adjust the arch to the correct dimensioas.

Circwiar wooden spacers (Fig. 5) are inserted tetween ad-
jacent bays zad bolts ars inserted in holes provided in these spacers
and oa the arches to iia the bays togathere The spacers are 2" wide
and 3% in dizameter, In addition to providing rigidity to the struc-
ture, a 1% clearance is maintained between adjacent archas,

e A S

Fige 3. ~ Bass plate sssembly of end arche Arch is placed between
hinged steel plated, NSRDF Neg. No, 275-9,
1) Drawings of parts and structure are included ia Appendix A,

B gl - banlo . o e B2,
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Fig. 4o - Half bay resting on skid plates, Base plate assembly
with turnbuckle and tensioning cable is also shown, NSRDF Neg.
No, 275-11.
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i Fig. 5. - Assembly between two bays, Circular wooden spacer is
, shown between arches abovse purlins, Rectangular wooden spacer
} is nbown between hinged steel plates on base plate, NSRDF Neg.
_ ‘ No, 273-4.
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Arches and Fish Pht!, ' f

The sssembled arciaes (Fig. 6) are coastructed in six parts,
three to each balf, The lower arch section, or knee, is bolteA to ‘
the base plate, The center arcn segment and upper arch segment
are bolted together with the use of connector or fish piates. The
twe halves of the arches are also connecred by a fish plate {Fig, T} ,

et i

Purlins, Gambellas and Top {(Ridge) Beam . : {

Three purlins are provided for each half bay (Fig, 8)a They
Are constructed of 3 ply laminated hardwood, The cross sectional
dimensions are 2-3/16" x 3-1/2", Purlins bolted to the arches are
used as additiona) stiffeners and maintain width dimensicas while
inserting gambella sectioms.

——

The gambelta (Fig, 8) is the accordion type lattice work -4
connzcting two arches and lends support to any covering for the ot
structure, The gamnbellas are constructed of 3 ply laminated oak |
and are placed in the gambella clips in the vertical plane, They
are exceptionzlly strong and will €asily support a 220 pound man,
Gambella sections are provided in two sizes, The smailer gam-
bella sections conzist of 7 gambellas and are wyed on the under- {
side of the arch, The larger sectivas consist of 14 gumbellas and
are placed on the apper cdge of tha arch,

——

Female gambella clips (Fig. 6) are screwed to the inside
of the arches at regular intervals. The male fittings are ham-
mered in place, care being taken that the gambella sections are
matched., One top or center beam (Figs. 7 and 8) is provided for i
each bay and corresponds to the ridge beam in the common gabled ‘
roof, It is constructed of laminated hardwood and the cross sec-
tion dimensions are 1-5/8" x 7-1/2", 12 is bolted o a fish plate
Assembly that binds the two half bays together, }
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Fig. 6. - 1. Upper arch segment, 2. Center arch segment,
3. Lower arch segment (knee). Note female gambella clips at-
tached to arch segments, NSRDF Neg. No, 275-10,
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Yige 7, - 1, Fish plate connecting lower arch segment (knee) to
center arch, 2, Fish plate connecting center arch segment te upper
arch segment, 3, Center {ish plate and top beam (ridge) assembly,
NSRDrF NC.- Noe 275- l.
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Fig. 8 - 14 Purlin, Z, Gambella (compressed for shipment).
3. Top {ridge) beam zssembled. NSRDF Neg. No, 275-2.

PARTS NUMBERING 3I5TEM

Although nearly all parts are interchangeable, personnel
seeing the structure for the first time may be confused. Therefore,
2 numbering system is provided for eaz: of assembly,

The six bays are lettered A, B, C, D, E and F. Facing the
structure the nearest arch of the first bay is odd numbered, The
after arch is evea numbered, Numbers start from the left base
plate (No, 1) and contisue along the arch, ecach segment and {ish
plate receiving a consecutive 0odd number until the opposite base

plate is reached,
The following ammbers designate the parts of the first archs
Al Left base plate.
A} Left lower arch segment.

AS TFish plates commecting left lowar arch segment te
leit center arch segment,

10
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A7 Center arch segment.

A Fish Mo cennecting left center arch segment
te left upper arch segment.

All Left upper arch segment.

Al3 Center fish plate connecting left and right upper
arch segments. .

Al5 Right upper arch segment.

A1l Fish plates connecting right upper arch segment
to right center arch segment.,

Al9 Right center arch segment.

A21 Fish plates connecting right center arch segment
to right lower arch segment,

A23 Right lower arch segment.
A25 Right base plate,

Parts numbered A2 through A26 form the other arch of the
completed bay. Wiih the exception of the end arches, one base plats
serves two bays, Thus, base plate A2 will 1lso show the numnber
B1 as it is the start of the leading arch of the second bay. A26 wiil
alzo be labeled B25, B2 will also show Cl, and so forth,

STRUCTURE COVERING

The roof covering and end blankets are designed for normal
loads and for wind loads of 55 MPH with gusts up to 85 MPH. The
roof covering consists of two separate blankets, Drawings of the
covering are included in Appendix B. They are constructed of
vinyl coated cotton duck conforming to specification MIL-D-107998
and MIL-F-4143, The exterior blanket is olive drab in color and
the interior blanket is light green {(nile) in color,

The exterior blanket, as illustrated in Fig. 9, consists of
six sections 82' long and 9* 1" wide, each section covering one
complete bay. An additional snow or sod cloth 26" long is pro-
vided at the ends of each section, A storm flap 12" wide is also
provided along one edge and overlaps the adjoining sectioa,

1
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Fig. 9. - Completely coverrd six bay structure, A side opening
has been provided by rolling back the exterior covering, removing
gambellas and reiocating purlina. NSRDF Neg. No, 216-4,

A 5/16" manils line is threaded through pockets provided
along the edges o) cach blanket and serves as 2 drawutring ar~
rangement for maintaining the proper tenstion and position of the
blanket on the structure. On the blankzts for the [irst and last
bays the drawstring is eliminated on the outside edges and re-
placed with grommets, A 5/16" manila line is threaded through
these grommets and hooks which are provided on the end sections
to hold the blankeis down (Fig. 11).

Due to *he width of the blankets it was neceasary to {asten
Dee rings about 48" ou ceater along the center line of the underside
of the exterior blanket providing an additional hold down, When the

roof blanket is placed in position, the Dee rings locate between ths

gambella assemblies. A manila line is then threaded through the
Dee rings and under aeath the gambella assembly, The roof blanket
will be held firmly ia place during strong winds by this means,

Slots are provided at the ends of each roof blanket for the

insertion of a 2 x 4 purlin. These purlins distribute the stre~ses
equally along the width of the blankets and prevent wrinkling,

12
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Straps and double Dee rings are attached to the roof blacket
0 secure the storm flaps. Grommets arz placed 3* apart on the
side seams of the rool blanket. A rope is passed through adjaceat
grommet holes and attached to wooden (.uggles which drop betwessn
the adjacent arches, These toggles are pulled tight, then turned,
bearing against the awning rail.

The interior blanket consists of six sections 80° long and
8 2.1/2" wide (Fig. 10). Since mo insulation is provided in the rood
blankets, a dead air space is provided by fastening the interior skia
to the underside of the roof structure, This is done by installing &
stock alumminum extruded awning rail permanently to the lower edge
of each arch, A 13/16" manila line sewn in each side hem of the in-
terior skin sliles in the awning rail and forms aa air seal for the
interior of the bay,

DESCRIPTION OF END SECTIONS

The end sections of the structure {(Fig. 11) are of rigid coa-
struction. All panels (doors and gables) are constructed of 60 pound
kraft honeycomb paper, laminated to 1/4" air cured Douglas fir ply-
wood to form 1-5/8" thick structural members with a perimeter of
Douglas fir rufficient in width to attach connecting bardware to the
arch structure aad door rails,

The gable ends are constructed in three sections with sh.p
lap joints, The beam side cf the gable is fitted with a monorail {er
swivel door roliers, The center gable section contains two 18" x
i8" screen wire vents with insulated blackout flaps,

The doors are coastructed in two 25' sections 10' in height.
Each 25! section is hinged in 2' 6" ship lap sections, attached te
swivel rollers at the top and swivel eyes through a cable at the bot-
tom enabling folding to one side, The doors when folded will use a
space of approximately 3,

Wing panels are fitted on the end sections at the lower arch
member or knee., On one side of each end section, the wing panels
ace fitted with a personnel door, Above the personnel door is &
transom window fitted with plastic coated wire mesh. Above the
transom is a heater duct opening, The opposite wing panel {s blaak
but is [itted with a heater duct opening, These features are re-
peated on the other end of the structure. Heater openings are pre-
vided with covers in the event the openings are not needed,

13
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Fig. 10, - Interior view of partially covered structure. Ome section
of interior blanket has been installed. A secured top hlaaket is also
shown, Notice bow the manila line passes through the Dee rings and
under the gambellas, NSADF Ncg. No, 197-2. '

Fig. 11, ~ End view of strecture, accordion doors closed, Toggle i
pPlates cam be seen ou alternats hinged door sections. These piates
are used to keep doors in line, MERDY Neg. Neo, 216-2,°
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GUIDE TO ERECTION OF STRUCTURE

The erection of the frame shelter {s simple and fast. One
operation essily foilows another Hf the operations are done in se-
quence and properly.

A logica} division of personnel into crews would bez

L. Boliing arch segments - 2 men
2, Bolting purlins and installing gambellas - 4 men

3. Installation of wooden spacers and bolting ceater
fish plates aloft - 2 mesn

The iastructhons give each operation complete in iis proper ordery
it is not always necessary, bowever, to finish any one operation
before the next one is begun. Much time can be saved by baving
the crews working on their respective portions of the work simul-
taneocusly; for example, the arch crew can be assembling arches
{Fig. 12) while another crew is installing gambellas and purling
{(Fig. 13). The entire crew shduld be available for rajsing the
arches, Once the arches are raised, the tensioning cables secured,
and a few spacers installed, the crews can go to their respective
tasks,

rig. 12, - Assembling arches on ground. Arches are placed on
2 x 4% im order to facilitate bolting fish plates. NSRDF Nag. Ne,

278-8, ‘
18
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Fig. i3. - Crew installing gambellas. NSRDF Neg. No, 275-3,

Installation of gambellas is made easier if the following in-
structions are followeds

1. Two mex should be siationed at cach ead of the gam-
bella and stretch the collapsed memper (Fig. 13)

2. During positioning only 2 or 3 slats should be
stretcied, the rest should remain in a collapsed position (Fige 13),

3., Two men should position and hammer ths gambells
fittings into places A rawhide bammer is used to prevent damage
to the wood {Fig, 13).

4. U additional width is required to set the gambella
pins, the gambella should be compressed; conversely, when the
gambella is too wide the assembly sbhould be expanded (Figs, 14
and 15).

S¢ The uninserted portioas of the gambella uait should
be held above the arch to prevent jamming (Fige 13)e

6. All the lower gambells units sbould be installed
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As the team learns to work together, installation of the
gambellas is speeded up. The stretchers have to coordinate their
sctions with the pesitioners, In some cases, installation of gam-
bellas is difficult because the bays are too narrow or too wide.
Fige. 14 and 15 {llustrate how to correct this condition, It is
most imporiiat to get off to a proper start by correctly aligning
the height and width of the firet bay, Otherwise, as the second
and succeeding bays sre added, the errors are magnified.

Ezch half bay, complete with purlins and gambellas,
weigl s about 1,900 poundss Complete assembled arch members
sre eirily moved by iwo men, Three or four men are required to
" stand up an arch prior to installing purlins, (See Fig. 16). The
_butt end of 1 complete half bay may be lifted by four men onto sup-
ports in orler that jacks may be inserted underneath the arches or
purlins. (See Figs 17)s» The structure is so designed that no
heavy construction equipment is required for erection. Two ex-
tension jacks (Fig. 18) are supplied with the structure for erection
in the event motorized equipment is not available, Operating in-
structions are attached to the jacks so that they cannot be mislaid,

After the arches are assembled and the gambellas inserted,
the arches are lifted and the jacks positioned under the arch and
angled slightiy toward the center of the stricture (Fig. 18). When
the arches are raised, the jacks will be vertical, Spacers are in-
stalled to secure the haif tay %o the adjacent bays The other half
bay {s then raised and the two hall bays are bolted together at the
ridges At this time, it is imporiant to secure the ground cable to
prevent tha arches from sagging or collapsing,

The bays are aligned and the remaining spacers thea in-
stalled securing two adjacent bays together, The jacks may be

used to raise or lower the xrch members in order to line up the
spacer bolt holes,

Fig. 19 illustrates the danger of an improperly secured
ground cables Two men were installing the last bolt on the outside
edge of the arch, The weight of the two men caused the base plates
to move out of line resulting ia damage to the structure and almost
causing injury to persunnel,

Time and labor saving devices in the form of mechanised
equipment can be used to good advantage in the erection of thig
structure, A fork truck with a safety pallet will enable the men to
work alolt without the necessity of moving high ladders or erecting
and moving stagiag (Fig. 20),

17
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rig. 14, - Expanding gambelias to decrease width, When bays are
too narrow, pull slats apart to shorten gambella length, NSRDF
~ N“. No. 275060

\
3 i
‘ :
, |
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Fige 15. - Compressing gambellas to increase width, Whes bays
are too wide, compress slats to give greater width, NERD)} Neg,
Neo, 273-7,
18
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Fig. 16. - Crew installing purlins. NSRDF Neg. No. 275-17.

Fig. 17. - Half bay being raised by one jack. Jack is angled toward
center of structure so that whea the bay reaches the designed height,
jack s vertical. Two men are holding guy lines, Ilmprovised stag-
ing can be formed by using woed pallets. NSRDF Neg. Ne. 275-12.
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/ 4 Fig. 18, - Extension jacks being used to raise two half bays at
once. 8kid plates (Fig. 4) are placed under ome balf bay and the
ether half is anchored on base platess NSRDF MNeg. No., 93-9,

Fig. 19, - Partially collapsed and damaged arch due to unsecured
grouad cables NSRDF Neg. Ne. 97-4,
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Fig. 20, - Fork truck ard zalety palle’ bLeing used to 2aalst exec-
tion, NSKRDF NQ'. Nog 275'-0 .

Il a crane could be utilized in the raising of the bays (Fig.
21); or if the mechanized equipment is not available, wood staging,
YA" frames, gin poles and other similar alternate equipment may
be uveed (Fige 22)s

Material such as lumber for staging, concrete forms, etc,,
is not furaished with the structure. In most cases, this material
is easily obtained {rom local sources, Specific problems encoun-
tered during consiruction may be solved in the field where all con- i
ditions ars known, The easiest method of erection should be readily i
apparent when mechanized equipment is made available,

Drift pins and structural wrenches are used to line up bolt
boles, The use of these pins prevents damage to the bolt threads
and, in addition, prevents driving the steel inserts out of the lower -
arch segments,
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Fig. 2l. - Raising structure by means of crane, NSRDF Neg. No.
2715-16,
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Fige. 22. - Gin poles being used for erection, "A™ frames may alse
be used as aa alternative, NSRDF Neg, Neo, 275-14,
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TOOLS REQUIRED FOR ERECTION OF STRUCTURE

Desc ription

1-1/8% structural wrenches
3/4% x 13/16" cpen end wrenches
9/16" x 58" open end wrenches

8" adjustable open end wrenches
(heavy duty)

Crowbar 1-1/8" 59.42» wedge poim
Offeeat pinch. bars - 7/8% x 30"
Screwdrivers - 5/16% x ,042 tip
Doub!g face sledge 10 1ba,

Rawhide hammers 2-1/4 Ibs, 1-3/4n
faca

Dridt pizs 7/8 « 7
3/4" backing out hammers
Line level

100 tape measure

Navy Stock Nog
mx;V»uoa
G(L'»-lﬂ!i
G41-w-1005

G41-W-486-5

G41.3-196
G41-E-282
G41-8-1105
G41-5-3726

G41-H-471-175

G41-pP-£03
G41-P-2989-506
G41-L-170

G41-T-184
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ERECTION PROCEDURE

Raising First Bay

1. The site of the structure should be fairly level and (ree
of noticeable irregularities of terrain, A line level, supplied with
the structure, will be belpful in determining levels.

2. Lay eut cormers of plot 50 » 62-1/2%, The arch will
span a 672-1/2* width,

3. a. Lay out odd numbered "A" arch members on the
ground,

b. Bolt A3, A7 and All with fish plates AS and AY.

4, 3. Lay out even numbered arch members “"A" oa the
ground,

be bolt A4, A9 and A12 with fish plates Ab and AlQ,
% a¢ Place base plate Al at left front corner of plot,
be Hawve 3/4" x 2-3/4" bolts ready at base plate,

co Raise haif arch "A" and place betwees hinges o
Plates

d. Place one bolt in hole nearest inside of structure
and secure loosely, Ome or two men are required to bold arch
erect,

6. a, Set base plate A2 - Bl approximately # away oa a
line toward the left rear corner of the structure,

b, Staad up hinges on base plate and place wooden
spacers ("B” ia drawings) between them,

e

co Have 3/4" x 6" bolts ready at base plite,

d, Stand up half odd numbered arch "A”™ and place omt-
side of hinge on AZ side of plate,

es Place om bolt through arch and hole nearest inside
of structure through hinges and wood! spacer and secure loosely.

24
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e While both arches are held erect, wooden purling are
balted to half 2rches AR tying them together,

8, Bolt top or ridge beamn 0 All and A12 vsing fish plates
Al3 and Al4. Only bolt lower holea and allor center beam saction

to awing loosely.

9. Install gambeilas (sce suggestions to erector),.

10. Bolt A13, AlY and A23 arch segments with fisk piates
Al7T and A2},

11, PBolt A16, AlAO and Al4 arch segments with {ish plates
AlS and AL2,

12, Locate base plate A2S5 and raise arch as in instruction S,
13. Locate base plate A26 and raise arch as in inetruction 6,
14. Polt on ths two purling on the lower arch members,

15, Install all gambellas except on the upper arch segment
And secure gambellas with web straps,

16, Raise lcft arch to a sufficient height to enable setting
oane jack and rxisc to 108, Guy lines ara used to keep the arch from
swirging, '

17. lnstail purlin and gambella on upper arch members of
right arche woe

. 18, 3. Raise both arches together to height ié* 1" from
base plate to center fish plate, :

b. When outside boles on base piates match holes ia
arches, place boits and secure,

ce Place bolts in empty holes in center fish plate and .
SeCUre, . 3

d, Connect tensioning or ground cables to base plates
and tighten turnbuckle until heels of arches are 62' apart and peak
is 16’ 1" above base plate.

¢. Drive stakis through base plate,

23




Erection of Additional Bays

The assembly and exection of additional bays follow. closely
the instructions outlined for erection of the first bay. The arch
members of succeeding bays are numbered in the same manner, bwt
letterad to identily each bay, ln addition, all numbered parts are
interchangeable, ic¢,, Al may be substituted with Bl or DI, etc.

When erecting the structure the left side in anchored and
the right bay is moved into position on the base plates by raising
the arche A said plate, cornsisting of a flat piece of heavy gauge
metal or plywood, is used as a slide to keep the heel of the arches
from digging into the ground and facilitate the movement of the
right half of the bay (Kige 4}

As so0n as the second bay is in position, the circular wooden
spacers are instal.ed, These tie the adjacent arches together, Jacks
~s pry bars are used to align the holes, Note: It is importont that
the ridge height and distance between the base plates are corstasrts
Considerable difficulty will be encountered in bolting the certer fisd
piates and woodea spacers if this is not done,

COVERING THE STRUCTURE

Each bay is covered by one continuous exterior blanket, Tha
cover is spread over the bay with the center seam over the ridge
member, The edges of the blanket are tucked between the arches
and the drawsirings pv'ied taut and secured at the base of ths arche
On the end arches, grommets are used to lace the bianket to hoeks

provided on the arch members,

The covering for the adjacent bay is spress and sscured by
tucking between the arch as sbove, The storm flap of the first arch
is then placed over the adjoining blanket and secured in the same
manner, The edgec of storm flaps should face away from preveiling
winds, Ropes are placed through grommets provided on tha edge
of the blaaket and secured to a toggle which fits under the adjoinirg

arches,

The interior blanket is secured by sliding \he edgrs inte the
sluminum awning rail. The best method of securing the inner blaa-
ket is by removing the awniag rail from one arch and feeding the
canvas on the other side, The ciuvas that is left haaging is thea
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fe. into the rails; after which, the rails are screwed into the under-
side of the arch. ’

The end scttim. &9 designed, require a study of the work-
ing drawinge. The gable sections are instalied first; after which,
the doors are bung.

ADAPTATION SUGGESTIONS

Additional height and cube may be obtained by placing the
base plates on raised cemeni piles (Fig, 23}. U these piles are
used, the tensioning cables may be el:minated, The piles must be
of sulficient depth in the ground to offset the cutward thyuse of the
stru ture, Additional canvas or other covering will be required to
tover the distance between the hase plate and grade., For conditions
where it is desirable ¢r necessary Lo raise the floor of the building
above ground, a wooden platform may be buiit, The platform may
also serve as a loading dock. The base plates can be bolted to the
wooden platform and the buiiding erected as previously outlinad,

A jolst under each arch can be made to counteract the thrust., The
building must be adequately braced against the wind. Lumber sizes
and footing dimensions depend upon the load conditions and should
be determined in the {ield.

Chain hoists or block and tackle may be suspended from the
srches if the jacks, suppiied with the structure, are used ac inily
columnis underneath the point of stress,

Doorways may be cut into the side of the structure if de-
sired. The maximum opening will be the 3’ width of the bay, Dea-
pending on the required doorway height, sorne gambhellas would
have to be removed. The purlins would have to bte moved upward
10 serve 3o lintels and to maintain rigidity (Figse. 24 and 25).

Corrugated aluminum roofing and siding may be used in
lieu of the canvas covering. The corrugaied sheets are available
in a 35" width and 8'6* or 9 long. This is enough to span one
arch allowing for overlapping of sheets. A redesign may be nec-
essary, which would call for placing of the gambella receptacles
at t..¢ upper edge of the arch to allow the corrugated sheets te
reat directly on the gambellas.

The corrugations on the alumiaum sheet run lengthwise,

A Nat shest may be bent over the curved portions of the arch elimi-
nating the necessity of supplying special pre-formed sheets,

3
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Figs 23. - Structure raised on cement piles, NSRDF Neg. No. 275-13.
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‘ Fig. 24. - Side entry showing suificient height te permit passage of . L
s fork truckes NSRDF Neg. No, 216-5, . %
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Fig. 25. - Side entry showing (1) substitution of lcwer gamtella
unit for upper unit; (Z) removal of purlins to height parallel tv
lowest gambella, A permanent doorway mnay be constructed from
locally available lumber, NSRDF Neg. Na. 214-4,

The structure, iess the 2nd sectionsy, raquires approxie
mately 4,800 8§e fte of covering, allowing 16% for overlap, One Coe
sheet of .824 corrugated 45 aluminum 86" x 35' weighs 10,26 by,
The top cevering, therefore, would weigh about 1, 850 Ibe, &nd
can be shipped on one skid, the aluminum occupying & zpace less
thas 6% high,

At $3,19 per square foot, the total cost for 4, 600 sy, It,
of aluminam is approximately $874.00, Labor to apply the cover-
ing, estimated at $0.10 per oq. [ty is $460,00,

Cerrugated {iberglas panels are suggested for use as trans-
lucent skylights whare dayligh: working areas are advantagesus,
These pancls may be procurea in the same sises as corrugated
alurninum; thus, transluceat panels may be substituted for sny
part of the structure, ) : ,
i Advamtages and disadvantages of aluminum covering, as
! compared te CANVAS, Are listed below,

s
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Advantages

Ie Aluminam sheets, once applied, require little or we
maintenance, Canvas will require adjustments frem time to time
Gue i0 stre*zhivra. €hauld the structure be required for a leng peried
of tirne, sluminsum would be the better covering due I8 is 1ogsy wee
lilee

2. The shipping cube of the aluminum sheets is less thas
one-{ifth ibat of canvas,

3. The aluminum sheets are less liable to puacture or dam-
dge,

Di-mdvmuﬂn

l. The shipping weight of aluminum is appranimately 1,850
1bs, as compa ed 0 870 lbs, for canvas,

2. Time involved covering the structure in the field is much
longer, An aluminum covering has not been applisd and no time
studies are available, It is assumed that nailing or screwing the
aluminum sheets to the structure will require cossiderably mere
time than the pre-fitted canvas covering,

3, The cost of alumiaum may be graater than canvas, Al-
though the first caavas cover cost $9, 550,00, as sgaiast $874.00
for aluminum, the cost of the canvas includes the ¢nd sections amd
the Laterior blanket. The cost of most of the iabor iavelved ia cov-
ering the structure is already figured ia the manufacluring cost of
the canvas blanket, The labor cost of applying alumisum must be
addsd to arrive at a comparable figure. In additien, the cost of
the canvas blanket will be lower in production, Belere procure-
ment, it is suggested that the costs of canvas vereus sluminum be

closely studied,

INSULATION

The practicability of the interior blanket bas net boen tested
on this structures A report "Fuel SBavings Resulting (rem the Use
of Liners in Tents" Contract Ne, DA44-109-GM 288, complated by
the University of Louisville Institute of Industrial Research for the
Quirtermaster General, advocates the use of lingre ia ovder to
save fusl. The structure being evaluated by thie Facliity, however,
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has a greater cube and the distance between the inner and outer

blankets is greater, ln addition, the spaces between zdjacent !
arches are ot sesled. R is recommended that the practicability

of the inoer liner be tasied,

Batt or rigid type insulation may be inserted betwean the
gambellas and the outer skin, The main disadvantage of this type
of iasulation is its large cubic measurement,

Accordion aluminum blanket insulation is available in 24"
widths, Four of these lengths could be stapled together to complete
the 8' width, It is available in continuous lengths 500 to 750 ft. long,
One type consists of 3 layers of aluminum foil witk Z fiber separators,
One thousand square feet of insulation weighs 95 lbs. and packs into
6 cu. f°. This insulation is available with flame, mold, and vermin
resistant fiber, One supplier, Infra Izsulation, Inc., New York City,
lists this type of insulation at $68.00 per M 5q. {t.

If a need for insulation is indicated, it is recommended thag
this type of insulation be evaluated due to its advantages in cube and
weight,

SUGGESTED CHANGES IN FRAME DESIGN

1. The butt ends of each half avch shouid be rederigned so
that the center fish plate may be bolicd ca the ground and both arches
may be raised together. One suggestion would be » wedge that wonid
slip into place after the arches arv ralsed, The wedge would size
belp prevent the arches /rom sagging. Tbhbis 2xgging ia very impoar-
tant for alignment and is especially critical on the outside arches,
as the doors at the center of the structure do not hang plunbd, In
addition, the doors hang lower and cause trouble when opening or
clesing., The use of wedges should also be considered in the inter-
mediate arch sections to prevent sagginrg. '

2, The drilled boles for spacers did not always line upe The
width of the arch members varies and aligament is sometimes dif-
ficult, Arches should be 1aid out is a jig and all holes precision
drilled, -
3. The lower gambellas should be eliminated and purlins
substituted. Under most conditions the insertion of the lower gam-
bella is difficult, Uf the same streagth can be achieved, purlins
would be mere desirable from aa erection standpoint,
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4. Only American standard nuts and bolts are to be used,
Upon erection, it was found that head sises of nuts and bolts did not
maich, thas aecessitaling the wae of many different siné wrenches,

3., The tolerance of the bolt holes in the center fish plates
should be increased slightly, as alignment is difficult,

6. The placement of gambella fittings sbould be determined,
I the interiar blankst ic deemed necessary, the gumbelia fittings
should be moved close to the upper edge of the arch, A better bear-
ing surface for the roof covering is achieved by placing the gam-
bellas flush with the upper edge of the arch. M the interior blanket
is eliminated and rigid or blanket insulation substituted, the space
would be required between the gambelias and the roof covering.

SUGGESTED CHANGES IN COVER AND END SECTION DESIGN

Thae exierior Liznket, as designed, requires improvements
before it is acceptable. Appendix C contains revised drawings of
the exterior bianket incorporating changes as described belows

1. The drawstrings provided in the exterior blanket are
of little value because of the long span from the ridge to the knee,
Force exerted on the drawstring is not enough to keep the edges of
the blankets between the arches,s One salutiona to the problem was
12 place grommete 2long the cdger of the blankets, A rupe is se-
cused to & toggle and passed tkrough these grommets and tied to the
toggle v/ith a clove hitch, The toggls will then be snubbsd undernsath
the arches. Tension on the exterior blanket can be maintained by
periodic retightening of the toggle assembly,

2. The drawstrings on the storm flaps lack the ability
to keep the storm flaps in place. This conditioa was corrected by
previdiag straps on the flap and buckles on the adjacent blankst,

3, The exterior blunket, as originally designed and sup-
plied, was too narrow to span the edges of the arch members, Cor-
rections have been made on the drawings allowing " more on the
width of the blanket so that it may be secured between the arches,

4, All stitching on the canvas coveriag must be lock
stitchy During hurricane "Hasel®, in October 1954, some stitching
gave way causing the exterior bianket to rip almost ite ¢ntire length,
The force of the wind caused additionz] tearing due te severe flapping
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of the ripped seams. Upom inspection, it was found that some seams '
on the blanket were bag stitched, a matind of sewing which opeu
easily by pulling the thread on the bottorn surfaca.

An~ther method of preventing lengthwise rips is to sew
bands across the width of the blanket at the location of the rings and
straps. These strips cam b: used for backing instead of gimall aprons
of canvas at small additienal cest.

interior Blanket

1., The interior blinket or tent liner does not completely
seal the structure, The 2™ space between adjacent arches is not
sealed, There is a yap at the peak where no seal is effected. In
addition, they are not loag ennugh and & space is left between the
bottom of the blanket and ground level,

2, Installation of the liner was difficult and time consuming.
It was difficult to draw the blanket through the awning rail dus to
friction. The rail had to be removed {rom the arch, attached to the
blanket, and then refastened to the arch,

3. The awning rail was susceptible 1o denting and sdded to
the friction during installation, When renoving the inoer blacket
during dismantling, most cf the awning rail was damaged heyond
economical repair, Additional aweing rail weuld have te bs supplied
esach time the structure is moved, :

If a liner proves practicable, it is suggestad that another
method of insulating the structure be designed to completely ssal the
structure and ease the dilficulty ia installation.

End Sections

The end sections, as designed, have many disadvantages, and
it is suggested that they be completely redesigned, The objections
are as followeg

1. The 1/4" plywood facings, and the structural mem- 4
Lers with their connecting hardware, make the panels too heavy for !
the intended use as an air-transportable structure., Although the i
sections will fit within an air frame, they are heavy and unwieldy, ‘ !




R T ) S

: 2. The weight of the door pamels appears tos great oa
a span of 82°, causing the ¢ worg to hang lower than il
othere, thus dregging the ¢

| 3. The accordion typ= docrs require toggie plates
(Fig. 11), which fit over the reverae side of the hinged folds, t»
heep them ia a straight line. If thesz plates were not added, it
weould be almast impassible to keap the doors straight whes clesed.
These added plates require hime to boit i place and reduce the offi-
ciency of the structure.

4, The doors, when folded, (Figs. 26 and 27} occupy
usable warehouse space. The swivels shauld be maved from the
center of the door panels to the edges 3o that the folded doors will
remain outside the structure, This imprevement is suggssted if
the accordion ype door i+ to be procureds y

' The main disadvantages are the weight and sise d'.
the component parts, (approximately 550 Wbs. ). It is recommended '
that some other design and materials be wsed. An adequately de-
signed basic frame covered with canvas, aluminum, er plyvod on
one face, would considerably reduce the weight, l

S. Due to the inadequate desige of the end sactioas, 2
is recommended that un Army designed camnvas end section {Fig, 28),
be procuied and thea evaluated at the next test sites Discussioms
with Army project engineers evaluating the Army structure indi-
cated that no difficultias ware encountered in operating the ead sec-
tions during field tests, An evaluation report has bees prepared on
this structure, QMRT QMBT 53123 Test, Hangar, Maintenance,
Army Aircraft T52-1, -2 by Headquarters, Quarteromaster Re-
search and Duvelopment Field Evaluation Agency, Fort Lee, Virginia,
This structure is primarily an aircraft hangar and, therefore, the
end sections are raised in one piece, A c¢emplete end opening is not
“ required for air cargo purposes and it is suggested that the end
openings be divided into 10 or 15 {t, vertical flaps to permit pessage
of mobile materials handling equipments This could be accomplished
by the use of heavy duty zippers,
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f- Fig. 26. - Accordion type doors partially open, Toggle plates have
. l loosened to permit folding back of doors, NSRDF Neg, No. 216-7,
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| ing om left side. NSRDF Neg. No. 216-8.
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Fig. 28, - Tent, frame type, maintenance, Army aircraft, TS52 -2,
showing aircraft door open, U, 8. Army QMC Priat No. 3167-19,
NSRDF Neg. No, 314-1,

COST BEREAKDOWN - TEMPORARY AR CARGO TEIM!NAL “
Cost of frame (6 repesting 8° bays) S 9, 162.00
Cost of canvas covering including
outer and inner blanket and end
sections
1. Development and desiga $4,242.00
!
l 2. Manufacturing costsll) 9, 550,33 13,792,318
$21,934.15

(1) 1t is to be noted that the manufacturing costs included here per-
tain to the prototypes The cost of any future unit{s) will be reduced
by 3 considerable amount,
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CONCLUSIONS

1« The frame structure, as designed, moy be transported
by air to remote locations aond erected by unskilled labor without
the use of heavy construction equipment,

2o The end sections require complete redesign due to diffi-
culty ia closing and high weight characteristica.

3. The canvas cover, (both external and irternal biankets)
as designed, requires minor modifications to seal the structure and
resist high winds and weather,

RECOMMENDATIONS
Tae following recommendations are made;

1. That ncw end sections be designed to provide max-
imum flexibility, ‘ightness and portability consistent with strength
and ease of erection; or, that an Army designed canvas end section
be procured and evaluated,

2. That the metbod of securing the canvas covering
{external and internal) be modified to resist high winds and weather,

3. That an operational evaluation of the structurc be ~
made to determine door and/or side opening arrangements which
best suit the peculiar needs of aa air cargo terminal,

4. An operational evaluation be made of tl.e structure
at an operating airfield in order to determine eifectiveness of lay-
out and cube of a six bay assembly,

S, An svaluation be made of various methods of covar-
ing the structure (eorrugated aluminum, cocoosning, etc,)s The
study is to involve comparisons as to cost, labor, time, durabllity,
wc!(hl and cube,

6. That the butt ends of the arch be redesigned in order
that both halves of the arch may be joined on the ground and raised
together, and that ferrules be placed on the ends of arch sections to
prevent splitting,

T+ That the insulation valus of the inner blanket be dctu-.

minsd and alternate means of insulating the structure be investigated,
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8. That the inner blanket or liner be redesigned to seal ;
off the spaces between the biys and around the base plates, and zn
sasier metiod of installation be determined.

« ey vy
. ]

9. That all bolts be cadmium plated,
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